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Abstract: Global Positioning System data processing is affected by many non -tectonic factors , including the 
common-mode errors ( CME) in station-position time series. The characteristics and origins of CME are still 
not clear, due to uneven distribution of global GPS networks and the lack of reliable data nf the position time 
series. In this work, data from 241 continuous GPS stations were reprocessed in a consistent way and the re-
sults were compared with those generated at Jet Propulsion Laboratory ( JPL). Improvements of residual posi-
tions were obtained for many low-quality stations , especially those located in Asia and Australia. 
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1 Introduction 
Global Positioning System ( GPS) has been widely used 
in various research fields, such as plate tectonics[ 1 - 31 , 
seismic displacements[•.sJ , post-glacial rebounds[o,?] , 
and troposphere precipitable water vapor[SJ. However, 
GPS positions contain the so-called common-mode er-
rors ( CME) , which tend to blur weak tectonic signals. 
Since CME usually have comparable values at GPS sta-
tions within a certain distance, they are removable 
through spatial filtering[' -nJ or by using a regional ref-
erence. However, these methods have limitations. 
Firstly , a network is usually very wide in areal cover-
age and the traditional CME are not homogeneous, and 
thus cannot be removed completely through simple fil-
tering. Secondly, problems may arise when using a re-
gional frame, e. g. the Stable North American Refer-
ence Frame ( SNARF) ; there might be still some rem-
nant CME ( or even distorted signals) for sites located 
at the frame edge. Finally, the positions obtained by 
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using a regional reference frame are relative to the local 
frame , and thus canoot reveal the real motions from the 
global point of view, especially for vertical movements 
and seasonal motions. Thus, there is a need to obtain 
high quality GPS positions with a global reference 
frame. 
The spatial characteristics of CME are still not well 
understood, especially its global features, due to a 
lack of dense long-history continuous GPS networks in 
most parts of the world. A reliable global GPS positio-
ning dataset is essential for this task. The rerun GPS 
position time series by Jet Propulsion Laboratory ( JPL) 
showed that the residuals of GPS stations in Asia are 
more scattered than those in North America and Europe 
( as indicated by the Root Mean Square residuals in 
figure 1 ) . Some sites have large RMS residuals , which 
may be due to poor observation quality, nonlinear 
movements , and undetected jumps. At most sites , it is 
obvious that the residuals in Asia and Australia are lar-
ger than those in America and Europe. A cbeck of re-
sidual time series of typical sites in these two different 
regions confirms that the main difference is in the scat-
tering of the residuals. 
One might ask whether this is an error originated 
from GPS positioning or during data processing? To 
answer this question, I reprocessed the historical global 
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Figure 1 The RMS of GPS position time series from 1 January 2010 to 6 April 2011 in JPL 
solutions. The linear trend, known jumps, and postseismic decays are removed. The size 
of circles represents the magnitude of RMS of residual position time series 
GPS data, to test whether a higher quality GPS station 
position time series may be obtained from the previous-
ly recognized low-quality sites. 
2 GPS data and processing 
Data from 241 continuous GPS stations around the 
globe were used, together with the GAMIT/GLOBK 
software in the work. Since continuous GPS stations in 
South America and Africa are sparse in earlier years , 
We used only the data from 1 January 2010 to 26 April 
2011. The global GPS network is divided into eight 
sub-networks, each having about 50 sites. 14 GPS sta-
tions ( AUC, BJFS, CEDU, CONZ, CROl , DRAO, 
GODE, HRAO, LHAZ, LPGS, MATE, SANT, 
SUTM and WTZR) were used as tie sites to link all 
sub-networks together. The loosely constrained daily 
solutions for the sub-networks were obtained by using 
GAMIT vlO. 4[ 12]. The settings were similar to that a-
dopted at Scripps Orbit and Permanent Array Center 
( SO PAC) . The station antenna and receiver informa-
tion were identical to that at SOPAC. Melbourne-
W ebena Wide lanes were used to resolve double differ-
ence biases. Ocean-tides loading corrections were 
done, using FES2004 model [ 13 l . Global Mapping 
Function ( GMF) [14] , IERS 2003 [15 ] solid Earth tides 
model , and absolute antenna phase center models 
( IGSMAIL-6450, http :I /igscb. jpl. nasa. gov/piper-
maiVigsmaiV2011/006442. html) were used. Atmos-
pheric delays were estimated hourly; and the cutoff an-
gle was set to 10 degree. No corrections for non-tidal 
atmosphere pressure loading ( ATML ) or the atmos-
phere tides were applied , because the International 
GNSS Service ( IGS) community ( including JPL) had 
not adopted such the strategy in their routine process-
ing. In GAMIT processing, about 220 stations were 
constrained to their a priori coordinates within 5 em of 
both horizontal and vertical components. The a priori 
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initial positions and velocities were derived from the in-
itial rerun results of 1999 -2011 at Institute of Crustal 
Dynamics ( lCD) . 
The daily loose solutions of all sub-networks were 
combined together by using GLOBK[ 16 l , and were a-
ligned to ITRF2008[ 17J by 7-parameter transformation 
constrained by 36 frame sites ( Fig. 2) . The 36 frame 
stations were chosen by checking the 10-year long posi-
tion time series obtained in the initial rerun; and the 
locations of frame sites are nearly evenly distributed a-
round the globe. However, in day-to-day frame trans-
formation , sometimes several frame sites were missing 
or rejected due to the large errors. In Europe, North 
America, Australia and Asia, the frame sites were 
rather stable ; those in South America and Mrica were 
a little unstable. 
The position time series were then demeaned and the 
outliers , which deviate from the mean more than three 
times than the Inter-quartile Range (IQR) values[to], 
and those with formal errors larger than 10 mm, 
10 mm and 20 mm for the north , east and vertical 
components , respectively, were removed. The result is 
hereafter referred to as lCD solution. 
3 Comparisons of GPS position time 
series 
The lCD solution is compared with the JPL solution 
(http://sideshow.jpl. nasa. gov/mbhlseries. html) in 
figure 3. We used a model-contained linear-trend with 
jumps and postseismic logarithmic decay to fit the posi-
tion time series component by component. Because 
seasonal signals may arise from data processing through 
the aliasing effect[ts] when diurnal or semi-diurnal tides 
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( e. g. the atmosphere tides) are not modeled, we used 
only common epochs in both solutions but not the an-
nual and semiannual terms in the analysis. As an as-
sessment of the results, we chose the RMS values to in-
dicate station quality. The most obvious feature in the 
figure is that , in East Asia and Australia , the residual 
RMS values of GPS sites obtained by lCD solution are 
much smaller than those by JPL, especially for the east 
components. The only area where lCD solution is worse 
is in South America, in the north components. This 
may be due to a lack of enough stable frame sites in 
this area (Fig. 2). In other areas, the JPL and lCD 
solutions are comparable on the whole. For all the 
sites, the residual RMS improvements of lCD over JPL 
solution are 3. 48% , 2. 64% , and -2. 37% for the 
north, east, and vertical components, respectively. 
Figure 4 shows some typical residual position time se-
ries derived from both JPL and lCD solutions. 
Note that at some sites large positioning errors exist 
in both solutions and in several cases the lCD solutions 
were worse, e. g. the east component of CKIS and 
QAQ1 (Fig. 5). For CKIS, the lCD solution contains 
obvious seasonal variations in the east component that 
are not shown in JPL results. Also, both solutions are 
rather scattered, indicating a likely data-quality prob-
lem at this station. 
4 Discussions 
Note that position errors may anse from the GAMIT 
phase, e. g. due to large a priori coordinate errors or 
unreasonable constrains. To reduce such errors, I de-
rived the a priori coordinates for GAMIT processing 
from the first long-term rerun ( 1999 - 2011) results. 
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Figure 2 Location of 36 GPS reference stations. The color of stations represents 
the percentage of days of inclusion in the final reference-frame definition 
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Figure 3 Residual improvement of ICD over JPL solution. The color of 
squares represents the percentage of the decrease of residual RMS of 
GPS position time series produced by ICD over JPL solution 
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Figure 4 Residual position time series for DAEJ and DRAO in JPL (upper green circles) and lCD (lower orange circles) 
solutions. The numbers near position time series are residual RMS values. The site locations are shown in figure 1 (a) 
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Figure 5 Residual position time series for QAQl and CKIS in JPL (upper green circles) and lCD (lower 
orange circles) solutions. The site locations are shown in figure 3 (b) 
Whenever a JUmp occurred, an item was sent to 
GAMIT to acknowledge the displacement. For large 
postseismic decays, e. g. those at CONZ and SANT, 
which was caused by the February 27 2010 Mw 8. 8 
Chile earthquake , the constraints were rather loose 
( 10 m to their a priori coordinates) . Also, positioning 
errors may have been caused by data-quality problems 
and by using corrupted inputs, e. g. damaged global o-
cean correction grid file in GAMIT data processing. 
5 Conclusions 
By reprocessing global GPS data and by comparing with 
the results of JPL product, it appears that more accu-
rate results for sites in the west Pacific region ( inclu-
ding East Asia and Australia) were obtained in this 
work. In other places, the two solutions are compara-
ble, as seen in the measured RMS residuals. 
This work has confirmed that GPS positions contain 
errors arising from data processing. Thus, for large-
scale or global CME studies, it is essential to use a 
high-quality dataset of global GPS position time series, 
in which errors from reference frame instability and 
poor modeling in data processing are minimized. The 
improved dataset should benefits research activities on 
correlated noise[ 19 '20 l and seasonal signals also[21 l. 
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